Synthetic Details
Oxidations using Rozen's Reagent, HOF. The general procedure for the oxidation of thiophenes by HOF has been detailed elsewhere. 1, 2 Briefly, a mixture of 20% F 2 in N 2 (commercially available) is bubbled through a mixture of acetonitrile and water (10:1 ratio, between 33-66mL) at -15°C for 2-3h.
The resulting HOF solution is reacted with a saturated KI solution and the liberated iodine is titrated with 0.1M sodium thiosulfate solution. Concentrations of 0.15 to 0.40M are usually obtained. 4 , 6 3 and 8 1, 5 were synthesized as previously reported. All other unlabelled compounds were commercially available. All palladium coupling and lithiation reactions were done in oven-dried glassware using dry solvents from a solvent still.
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Compound 5 (2,5-dibromo-3,4-dihexylthiophene-1,1-dioxide)
This compound has been previously prepared using mCPBA as the oxidant. 6 Here we use Rozen's reagent. A solution of 2,5-dibromo-3,4-dihexylthiophene (138mg, 0.34mmol, 1eq) in DCM (15mL) was cooled to 0°C and a freshly prepared solution of HOFCH 3 CN (0.16M, 8.4mL, 1.35mmol, 4eq) was added dropwise. The reaction was allowed to warm to room temperature and stirred overnight, then quenched with saturated sodium bicarbonate solution. The mixture was extracted twice with DCM and the organic layer was washed with water and dried over MgSO 4 . The crude product was purified by column chromatography (silica gel, 5% ethyl acetate in hexanes as eluent) to yield the product as a pale yellow oil (130mg, 87%). 1 H-NMR (300MHz, CDCl 3 ) δ 2.39 (t, 4H), 1.62-1.24 (m, 16H), 0.91 (t, 6H).
Compound 2 (TTOTT)
Compound 5 (26mg, 0.06mmol, 1eq), compound 6 (58mg, 0.12mmol, 2eq) and Pd(PPh 3 ) 4 (3.3mg, 0.0029mmol, 5%eq) were added to a sealed reaction vial which was evacuated and refilled with nitrogen. Dry DMF (2ml) was added and the solution was stirred at 80°C for 12h. The solution was subsequently poured into water and extracted with ether. The organic extracts were dried with MgSO 4 .
The solvent was removed and the crude product purified by column chromatography (silica gel, 50%
DCM in hexanes as eluent) to yield a burgundy powder (25mg, 60% 
Compound 7 (573mg, 1.95mmol, 1eq), compound 8 (700mg, 1.95mmol, 1eq) and Pd(PPh 3 ) 4 (113mg, 5% eq) were placed in a sealed reaction vial which was evacuated and refilled with nitrogen. Dry toluene (10mL) was added and the reaction was stirred at 95°C for 2h. The solvent was removed and the residue was dissolved in DCM, washed with water and dried over MgSO 4 . After removal of solvent, the crude product was purified by column chromatography (silica gel, 50% DCM in hexanes as eluent). The product was isolated as a yellow oil (405mg, 51% (491mg, 5% eq) were placed in a sealed reaction vial which was evacuated and refilled with nitrogen.
Dry toluene (30mL) was added and the reaction was stirred at 110°C for 24h. The solvent was removed and the residue was dissolved in DCM, washed with water and dried over MgSO 4 . After removal of solvent, the crude product was purified by column chromatography (silica gel, hexanes as eluent). The product was isolated as a yellow oil (1.80g, 71% 
Compound 14 (1.55g, 5.25mmol, 1eq) was placed in a schlenk flask which was evacuated and refilled with nitrogen. Dry THF (20mL) was added and the solution was cooled to -78°C. n-Butyl lithium (2.5M in hexanes, 2.20mL, 5.51mmol, 1.05eq) was added dropwise and the solution was stirred for 1h
at -0°C. The solution was cooled again to -78°C and trimethyltin chloride (1.10g, 5.51mmol, 1.05eq) was added in one portion and the reaction was allowed to warm to room temperature overnight. 5mL
of water was then added to quench the reaction and the volatile solvents were removed. The residue was dissolved in DCM, washed with water and dried over MgSO 4 . The solvent was removed and the product was obtained as a dark brown oil (2.06g, 86%). The crude product was used for subsequent steps without further purification. 1 (20.5mg, 5% eq) were placed in a sealed reaction vial which was evacuated and refilled with nitrogen.
Dry toluene (2mL) was added and the reaction was stirred at 110°C for 24h. The solvent was removed and the residue was dissolved in DCM, washed with water and dried over MgSO 4 . After removal of solvent, the crude product was purified by column chromatography (silica gel, 50% chloroform in hexanes as eluent). The product was isolated as a red solid (146mg, 48% 
Compound 17 (Oxidized 1,3-dibromo-5-(2-ethylhexyl)-4H-thieno[3,4-c]pyrrole-4,6(5H)-dione)
A solution of compound 16 (970mg, 2.29mmol, 1eq) in DCM (15mL) was cooled to 0°C and a freshly prepared solution of HOFCH 3 CN (0.66M, 21mL, 13.8mmol, 6eq) was added dropwise. The reaction was allowed to warm to room temperature and stirred overnight, then quenched with saturated sodium bicarbonate solution. The mixture was extracted twice with DCM and the organic layer was washed with water and dried over MgSO 4 . The crude product was purified by column chromatography (silica gel, 50% DCM in hexanes as eluent) to yield the product as a pale, off-white solid (438mg, 42% (9.5mg, 5% eq) were placed in a sealed reaction vial which was evacuated and refilled with nitrogen.
Dry toluene (7mL) was added and the reaction was stirred at 110°C for 24h. The solvent was removed and the residue was dissolved in chloroform, washed with water and dried over MgSO 4 . After removal of solvent, the crude product was purified by column chromatography (silica gel, 30% chloroform in hexanes as eluent). The product was isolated as a dark blue solid (36mg, 25%). 
Compound 19
Compound 18 (299mg, 0.905mmol, 2.3eq), Pd 2 (dba) 3 (18mg, 5% eq) and P(o-tol) 3 (12mg, 10% eq)
were placed in a sealed reaction vial which was evacuated and refilled with nitrogen. Separately, compound 17 was dissolved in dry chlorobenzene (5mL) under nitrogen. This solution of compound 17 was transferred to the reaction vial via syringe and the reaction was stirred at 120°C for 24h. The solvent was removed and the residue was dissolved in chloroform, washed with water and dried over MgSO 4 . After removal of solvent, the crude product was purified by column chromatography (silica gel, 30% dichloromethane in hexanes as eluent). The product was isolated as a viscous red liquid (172mg, 69% 
Compound 20
Compound 19 (172mg, 0.273mmol, 1eq) was dissolved in a mixture of trifluoroacetic acid (15mL) and chloroform (15mL). The solution was protected from light and N-bromosuccinimide (102mg, 0.573mmol, 2.1eq) was added portion-wise over 1h. The reaction was stirred overnight and water was subsequently added to quench it. The organic layer was extracted with chloroform, washed with water and dried over MgSO 4 . The crude product was purified by column chromatography (silica gel, 30% dichloromethane in hexanes as eluent) to yield a red viscous liquid (206mg, 96% 
Compound 21
A solution of compound 20 (206mg, 0.262mmol, 1eq) in chloroform (3mL) was cooled to 0°C and a freshly prepared solution of HOFCH 3 CN (0.47M, 4.5mL, 2.09mmol, 8eq) was added dropwise. The reaction was allowed to warm to room temperature and stirred overnight, then quenched with saturated sodium bicarbonate solution. The mixture was extracted twice with DCM and the organic layer was washed with water and dried over MgSO 4 . The crude product was purified by column chromatography (silica gel, 60% DCM in hexanes as eluent) to yield the product as a red solid (7mg, 3% 
Compound 12 (TTO P OT)
Compound 21 (7mg, 0.00854mmol, 1eq), compound 7 (5.7mg, 0.0196mmol, 2.3eq), Pd 2 (dba) 3 (0.39mg, 5% eq) and P(o-tol) 3 (0.26mg, 10% eq) were placed in a sealed reaction vial which was evacuated and refilled with nitrogen. Dry chlorobenzene (3mL) was added and the reaction was stirred at 120°C for 24h. The solvent was removed and the residue was purified by preparative TLC (silica gel, 75% DCM in hexanes) to yield the product as a dark blue solid (4mg, 51% Figure S4 . Cyclic voltammograms of thiophene pentamers.
Cyclic Voltammograms
Using figure S4 above, the reduction and oxidation onsets for the thiophene pentamers were obtained.
These were converted to HOMO and LUMO levels by calibrating against the redox potential of ferrocene/ferrocenium (Fc/Fc + ), which is assumed to have an absolute energy level at -4.80eV relative to vacuum. 9 The following formulae were used: HOMO = -e(E onset,Ox + (-E Fc )) (eV) LUMO = -e(E onset,Red + (-E Fc )) (eV) 
